sites, including lysosomes, and to the plasma membrane for insertion or release into the extracellular space [1] . The translocon, or protein-conducting pore in the RER through which newly made proteins are translocated into or across the RER membrane, consists of three main subunits, Sec61 ␣ , -␤ , and -␥ [2, 3] . While the Sec61 ␣ subunit is primarily responsible for translocation, much less is known about the Sec61 ␤ subunit. It is not required for translocation of all proteins in reconstituted liposomes or for viability in yeast, but it does facilitate translocation [4] .
Polarized epithelial cells have two distinct plasma membrane domains with very different protein compositions and functions: an apical domain comprising the lumenal surface, and a basolateral domain contacting adjoining and underlying cells. To establish and maintain their polarity, epithelial cells synthesize and then deliver specific proteins to the correct apical or basolateral plasma membrane. There are circumstances where the cell might need to regulate the level of whole classes of proteins, such as those found in the plasma membrane, or in particular in the basolateral plasma membrane of polarized epithelial cells. For example, cells must often alter their shape, polarization, and other characteristics during development and differentiation, and this plasticity could require the coordinate regulation of large classes of proteins. An example of this occurs when MDCK cells are grown in three-dimensional collagen gels, and the cells then form hollow cysts lined by a monolayer of cells with their apical surfaces facing the center. Addition of hepatocyte growth factor causes the cells to first send out long extensions of their basolateral plasma membrane, which requires an increase in basolateral surface area. Eventually, cells migrate out and reorganize into tubules in a process resembling tubulogenesis in vivo [5] .
One candidate for a component of the machinery in this process is the exocyst complex, first identified as being involved in the exocytosis of vesicles in yeast [6] . The exocyst is a 750-kDa highly conserved complex comprised of Sec3, Sec5, Sec6, Sec8, Sec10, Sec15, Exo70, and Exo84. Mammalian homologs of all eight exocyst proteins have been identified [7] . In yeast, and most likely mammals, Sec10 and Sec15 act as a bridge between the Rab GTPase Sec4/Rab8, found on the surface of the secretory vesicles carrying polarized proteins, and the rest of the exocyst complex, which is in contact with the plasma membrane [8] . Seb1 is a yeast homolog of Sec61 ␤ . SEB1 was isolated as a multicopy suppressor of the sec15-1 mutation, which, given that Sec15 is a component of the exocyst complex, implied at least a genetic interaction of the exocyst and translocon [9] . In previous reports, we showed that the exocyst interacted with Sec61 ␤ in mammalian cells [10] , and Toikkanen et al. [11] showed the same thing in yeast. We and others showed that the exocyst has effects on basolateral, but not apical, protein synthesis and delivery [5, 10, 12, 13] ; however, there was a recent report suggesting that the exocyst is involved in apical protein delivery [14] . We also showed involvement of the exocyst in formation of the primary cilium, an organelle found on the apical surface [15] . These studies prompted us to re-examine the role of the exocyst in basolateral protein synthesis and delivery.
Here, we confirm the interaction between the exocyst and Sec61 ␤ and demonstrate, using cell-free assays, that the exocyst indeed preferentially associates with the ER during the synthesis of basolateral, as opposed to apical, membrane proteins. Finally, we show data suggesting that this may be accomplished via phosphorylation of Sec61 ␤ .
Methods

Cell Culture and Reagents
All MDCK cell lines used were derived from low passage type II MDCK cells that were obtained from Dr. K. Mostov (UCSF, San Francisco, Calif., USA), and which were originally cloned by Dr. D. Louvard (European Molecular Biology Laboratory, Heidelberg, Germany). HEK293 cells were obtained from ATCC (No. CRL-1573).
GST Pulldowns
Full-length human Sec10 cDNA was cloned in frame into the plasmid pGEX-4T-1 (Amersham Biosciences, Piscataway, N.J., USA), and transformed into the DE3 strain of Escherichia coli (Stratagene, La Jolla, Calif., USA). GST fusion protein expression was induced by adding isopropyl-1-thio-␤ -D-galactopyranoside to growing cultures and shaking for an additional 3 h at 37 ° C. Recombinant proteins were purified with Glutathione Sepharose (Amersham Biosciences) following bacterial cell lysis. For pulldown experiments, lysates from wild-type HEK293 cells were incubated overnight with Sec10-GST, or GST only, bound to Glutathione Sepharose. Pulldowns were washed extensively, and then resuspended in Laemmli buffer and boiled, and equal amounts were electrophoresed by SDS-PAGE. Bound Sec61 ␤ , GAPDH, and Sec8 were detected by Western blot analysis.
Western Analysis
For pulldowns from HEK293 cell lysates, immunoblotting was performed as previously described [15] . The antibodies used in this study are mouse monoclonal anti-GAPDH (G8795, Sigma, St. Louis, Mo., USA), mouse monoclonal anti-Sec6 and -Sec8 (StressGen), and anti-Sec61 ␤ (made by V.R.L.).
Cell-Free Transcription Linked Translation
Cell-free transcription linked translation was performed essentially as described in [16] .
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Results
Exocyst Sec10 Biochemically Interacts with Sec61 ␤ We and others previously showed that the exocyst complex interacted with Sec61 ␤ [10, 11] . Here, we confirm a biochemical interaction using a different technique, GST-pulldown. A Sec10-GST fusion protein was purified on Glutathione Sepharose and used as an affinity matrix for the purification of specific binding proteins from human embryonic kidney 293 (HEK293) cell lysate. Sec61 ␤ was found in the pulldown fraction and, therefore, identified as a Sec10 binding partner ( fig. 1 ). The Glutathione Sepharose-immobilized Sec10 pulled down exocyst Sec8 from the lysate, serving as a positive control for exocyst binding for the HEK293 lysate. As a negative control, GAPDH, which is not known to interact with the exocyst, was found in the lysate, but was not detected in the pulldown fraction. Bead-immobilized GST alone was also used and no Sec61 ␤ protein was detected in the pulldown fraction.
Cell-Free in vitro Assay to Investigate the Role of the Exocyst in Protein Synthesis
Some events, such as translocation, are best studied using cell-free systems. As discussed, in addition to the role of the exocyst in the final stage of the secretory pathway, protein delivery, we and another group showed that the exocyst was involved in the first step of the secretory pathway, protein synthesis, in both yeast and mammalian cells [10, 11] . The cell-free assay we used here is made up of cell-free extracts from rabbit reticulocytes, canine pancreatic endoplasmic reticulum (ER) microsomal membranes, cDNA from apical and basolateral proteins, ATP/GTP, amino acids, and 35 S-methionine for protein detection. ER microsomal membranes can be isolated when cells are disrupted and the ER breaks into fragments and reseals into many small (approx. 100-200 nm diameter) closed vesicles called microsomes, which are relatively easy to purify.
We first confirmed that both the ER microsomal membranes ( fig. 2 a, lane 1) and the rabbit reticulocyte lysate ( fig. 2 a, lane 5) contained exocyst proteins. Microsomal membranes were then washed with physiological salts ( fig. 2 a, lane 2) , which had minimal effect, and high salt buffers, which removed the exocyst from the microsomal membranes ( fig. 2 a, lanes 3 and 4) . Exocyst-depleted (salt-washed) microsomal membranes were used in all the translocation experiments.
Translation of Apical and Basolateral Proteins Using the Cell-Free System
For our studies, we chose two model membrane proteins, the apical hemagglutinin (HA) protein of influenza and the basolateral G protein of vesicular stomatitis virus (VSVG) [17] . Glycosylation, scored as a shift to higher molecular weight upon addition of ER microsomal membranes ( fig. 2 b, lanes 3 and 6) and confirmed by a shift down with addition of acceptor tripeptide, a glycosylation inhibitor ( fig. 2 b, lanes 2 and 5) , indicates translocon-dependent insertion into the ER membrane [18] .
Increased Exocyst Relocalization Correlates with Increased Protein Synthesis during Basolateral Protein Translation
Using the cell-free system, we show a roughly threefold greater amount of exocyst components relocalized from the cytosol to the exocyst-depleted (salt-washed) ER membrane in response to protein synthesis of basolateral protein, VSVG, compared to apical HA ( fig. 2 c) . This correlates with our previous studies where we showed increased basolateral protein synthesis in Sec10-overexpressing versus control MDCK cells [5, 10] . Sec10 biochemically interacts with Sec61 ␤ . A Sec10-GST fusion protein was expressed in E. coli and purified using Glutathione Sepharose beads. After incubation with HEK293 cell lysate, Sec10-GST, but not GST alone, pulled down Sec61 ␤ . As a positive control for exocyst binding, Sec8 is shown to bind to Sec10-GST. To demonstrate specificity for the pulldown products, we blotted for GAPDH, a house-keeping protein not known to interact with the exocyst. GAPDH was identified only in cell lysate, and not in pulldown fractions. Exocyst overexpression leads to increased phosphorylation of the translocon component Sec61 ␤ . a Sec10-overexpressing and control MDCK cells were grown on Transwell filters for 7 days and then exposed to P 32 -orthophosphate. The Sec10-overexpressing and control cells were lysed, equal amounts of protein were confirmed by BCA (a colorimetric assay for total protein quantitation, Pierce), and immunoprecipitation was performed using equal amounts of Sec61 ␤ polyclonal antibody. The immunoprecipitate was analyzed by SDS-10% PAGE and radioactivity was determined using a phosphorimager. b Quantification of the results from a showed significantly more phosphorylation of Sec61 ␤ in Sec10-overexpressing (Sec10-OE) compared to control MDCK cells. This experiment was repeated three times with similar results. brane, in the presence of microsomal membranes is confirmed by a shift to a higher molecular weight that is reversed upon addition of acceptor tripeptide. c Relocalization of the exocyst from the cytosol to the ER membrane is increased in response to translation of VSVG vs. HA. Transcripts were adjusted to give equivalent levels of expression in the cell-free assay and translated in the presence of identical concentrations of salt-washed (exocyst-depleted) ER microsomal membranes. After the translation reaction was complete, membranes were re-isolated and blotted for the presence of Sec6. Blots were probed with anti-Sec6 antibody (StressGen), followed by alkaline phosphatase-coupled goat antimouse antibody (Promega), developed using Promega Western Blue stabilized substrate for alkaline phosphatase, scanned into Adobe Photoshop, quantified, and graphed as arbitrary density units.
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Phosphorylation of Sec61 ␤ Is Increased in Sec10-Overexpressing Cells
It is known that calcium-dependent isoforms of protein kinase C phosphorylate Sec61 ␤ , causing an increase in the rate of translocation [1] . To start to dissect the mechanism by which Sec10 overexpression increases protein synthesis [5, 10, 11] , we, therefore, examined phosphorylation of Sec61 ␤ following exocyst Sec10 overexpression. Using P 32 -orthophosphate and immunoprecipitation with antibody against Sec61 ␤ , we found that Sec61 ␤ was significantly more phosphorylated in Sec10-overexpressing MDCK cells compared to control MDCK cells ( fig. 3 ).
Discussion
We report three principal findings, all of which are quite interesting. First, we confirm that the exocyst biochemically interacts with the translocon component Sec61 ␤ by using Sec10-GST to pull down Sec61 ␤ from HEK293 cell lysate.
Then using a cell-free assay, we demonstrated enhanced recruitment following exocyst depletion and basolateral VSVG protein translation, compared with apical HA protein translation. The advantage of the cell-free in vitro translation/translocation assay over events studied acts at the first stage of the secretory pathway, where it regulates the translocon in the ER, most likely by phosphorylation of Sec61 ␤ , for synthesis of basolateral proteins. The exocyst also acts at the final stages of the secretory pathway to target and dock vesicles carrying basolateral proteins, such as VSVG, at the region just below the tight junction, and ciliary proteins, such as IFT20, at the primary cilium. Sec10 and Sec15 act as a bridge between the Rab GTPase Rab8, found on the surface of the secretory vesicles carrying polarized proteins, and the rest of the exocyst complex, which is in contact with the plasma membrane. The channels in the ER represents the translocon, which includes Sec61 ␤ , and the small circles in the ER represent the phosphorylation of Sec61 ␤ . 'in vivo ' (e.g. by pulse chase analysis of cultured mammalian cells) is that cell-free assays are slow and inefficient, yet highly faithful to what occurs in whole cells . As a result, intermediates, and steps not readily detectable in cell culture, are often readily detected in the cell-free assay.
Finally, we show a possible mechanism for the involvement of the exocyst in protein synthesis by demonstrating increased phosphorylation of Sec61 ␤ in the presence of Sec10 overexpression. It has previously been shown that the translocon is dynamic and can be regulated [16] , and that Sec61 ␤ is not essential for cotranslational translocation, but does kinetically facilitate it [4] . Gruss et al. [1] showed that calcium-dependent isoforms of protein kinase C are associated with the RER and phosphorylate essential components of the protein translocation machinery including Sec61 ␤ . Sec61 ␤ is extensively phosphorylated and phosphorylation increases translocation of preprolactin [1] . This becomes especially relevant given that the exocyst has been shown to govern the polarized expression of calcium-signaling complexes and regulation of their activity in the ER of pancreatic acinar cells [19] .
These data support our previous results showing that exocyst Sec10, in whole cells, significantly localizes to the ER following overexpression [10] , and that Sec10 overexpression results in increased basolateral, but not apical, protein synthesis [5, 10] . Other groups have also shown specific effects of the exocyst on basolateral, as opposed to apical, proteins [12, 13] . Recently, however, one report suggested that the exocyst was involved in apical membrane delivery [14] . In addition, we showed that the exocyst localized to and was involved in formation of the primary cilium [15] , an organelle found on the apical surface and involved in the pathogenesis of polycystic kidney disease.
For these reasons, we undertook this study and, as discussed, our results confirm that the exocyst interacts with Sec61 ␤ and preferentially participates in the synthesis and delivery of basolateral, as opposed to apical, membrane proteins. Our recent study demonstrating that the exocyst is necessary for ciliogenesis adds to the growing body of evidence that primary cilia, while found on the apical surface, are not true 'apical organelles' [15] . This may explain the fact that primary cilia contain many proteins that localize to the basolateral membrane, including polycystins-1 and -2, and fibrocystin [20] . Rab8, a small GTPase that is homologous to yeast Sec4, is a candidate for regulating the exocyst at primary cilia [21] , and Rab8 is also involved in basolateral trafficking and has been shown to be necessary for ciliogenesis [22] . Ciliary proteins, such as the kinesin-2 motor KIF17, have also been shown to contain a nuclear localization signal and utilize nuclear import proteins, such as importin-␤ 2, to gain entry into the primary cilium [23] . Furthermore, the primary cilium contains a highly condensed bilayer domain at its base [24] , and it was recently shown that septin 2 formed a diffusion barrier separating ciliary membrane from the surrounding apical membrane [25] , providing additional support for the idea that the primary cilium is a distinct cellular organelle.
In summary, because the exocyst has effects on other cellular processes besides protein synthesis (e.g. protein delivery), we used cell-free studies, performed in a 'minimal' setting in which other cellular processes were largely absent, to show that the exocyst preferentially participates in basolateral protein synthesis in the ER, and may well act through the phosphorylation of Sec61 ␤ . The fact that the exocyst is involved in the first stage of the secretory pathway, protein synthesis and translocation, as we show here, in addition to its well-described role in targeting and docking vesicles in the final stages of the secretory pathway [8] (see fig. 4 ), raises the intriguing possibility that the exocyst could be centrally involved in regulating the entire secretory pathway.
